Dear Sir,
The author has collected five cases of coexisting meningiomas under the bony prominence of the inner table of the skull (BPITS) within 10 years (from April 2005 to February 2015). All cases were confirmed by pathology or clinical follow-up. The five cases were all females (aged 37, 57, 67, 74 and 81 years old), with an average age of 63.2 years. Patients were admitted with head pain and paroxysmal dizziness. Computed tomography (CT) scans showed no abnormalities on the outer table of the skull. Coexisting meningiomas under BPITSs showed inhomogeneous high density, partial calcification, and appearance like a 'hat' worn on top of the bony protrusions ( Figure 1 ) or bony protrusions stepping on a 'sponge pad' (Figure 2(a) ). Magnetic resonance imaging (MRI) scanning showed a rough surface of bony protrusions, as well as unclear boundaries with neighboring meninges. Coexisting meningiomas possessed a depressed surface, with a wide base connected to adjacent meninges. No obvious peritumoral edema was found in coexisting meningiomas. The size of coexisting meningiomas was approximately 1.4 Â 1.3 cm-2.0 Â 1.8 cm (1.4 Â 1.3 cm, 1.5 Â 1.3 cm, 1.5 Â 1.4 cm, 1.8 Â 1.4 cm, and 2.0 Â 1.8 cm in size). Meningiomas showed iso-or slightly lower signal intensity on T1weighted images (T1WI) and iso-or slightly higher signal intensity on T2WI (Figure 2 (b) and (c)). Through enhanced scanning, meningiomas presented evident homogeneous enhancement and a 'dural tail' sign ( Figure 2 (d) and (e)). Only two patients of relatively minor age (aged 37 and 57 years old) underwent surgery. The other three cases, being older and exhibiting milder symptoms, refused surgical treatment. No serious clinical incidents occurred after follow-up. The BPITSs of two surgical patients were pathologically confirmed as osteomas.
According to different sites and growth modes, osteomas of the skull can roughly be classified into the following three categories: exogenous, endogenous, and diploic types. Exogenous osteomas are clinically the most common type. Endogenous osteomas, which show the local BPITS, are relatively rare. However, not all BPITSs are osteomas. Osteomas of the inner table of the skull may be occasionally removed surgically, particularly when imaging appearances are interpreted as those of a meningioma. 1 Meningiomas are clinically common, but those under BPITS are rare. These meningiomas appear small and exhibit extremely slow growth, and they are common in older women, just as the group referred to in this paper with an average age of 63.2 years. Enhanced MRI appearances are extremely typical with the visible 'dural tail' sign. Meningiomas usually arise from meningothelial cells along the inner surface of the dura mater. They have a distinct predilection for typical locations: parasagittal sinus, falx, brain convexity, olfactory groove, tuberculum sellae, cerebellopontine angle, etc. However, predilection sites of this kind of coexisting meningioma do not coincide with those of general meningiomas, given the lack of any rule involved. The simultaneous appearance of two kinds of brain tumors, such as meningioma and glioma, was previously considered to be coincidental, given the different histological types. Few researchers conducted in-depth investigations on this phenomenon. With increasing reports on the coexistence of two types of tumors of different histological origin, the question of whether the coexistence of the two tumors is coincidental or follows an inherent mechanism inevitably arises. To solve this problem, various inferences have been proposed in this paper. These inferences generally include the following three kinds of views: (1) the tumors, called 'encounter tumors' or 'collision tumors,' are two separate primary tumors that come in contact with each other and mix together accidentally; (2) according to a so-called induction theory, in the growth of a single tumor growth, a lateral hyperplasia develops into a true tumor, which is called a 'dependent tumor,' based on the induction or stimulation of the premises of another, or next to the hyperproliferative tissue, to the extent of atypical hyperplasia; (3) finally, two closely related organs in one place, such as the parenchyma and the stroma, cause hyperplasia and neoplasia simultaneously through certain risk factors and form 'composite tumors.' 2 In this group, all meningiomas are shown to grow in atypical locations and occur under BPITS. Therefore, upon induction or stimulation by BPITS, the subdural presumably experiences abnormal tissue dysplasia or gene mutation and then develops into a meningioma. The author tends to agree with the theory of 'dependent tumors.' The real pathogenesis remains to be confirmed by further studies.
The majority of meningiomas are isointense with gray matter on all spin echo (SE) sequences and may, therefore, be missed unless contrast is given. On T1WI, meningiomas are almost always hypo-to isointense compared with white matter. On proton density-weighted images (PDWI) and T2WI, meningiomas can demonstrate iso-to higher signal intensity compared with the adjacent brain. During clinical diagnosis, lack of understanding of this coexistence phenomenon can easily result in misdiagnosis or missed diagnosis. On CT scans, the coexisting meningiomas under BPITS are often misdiagnosed, because these meningiomas are often attributed to patchy high density from the partial calcification often being mistaken for bone shadow or the high density of the meningiomas themselves being mistaken for bony prominence partial volume effects. On MRI scans, as BPITS and coexisting meningiomas are extremely small, the BPITSs are often misdiagnosed as local skull thickening, and meningiomas are often misdiagnosed as mast gyrus. Therefore, the key to the diagnosis of coexisting meningiomas depends on enhanced MRI. When patients with BPITS are admitted, they should undergo enhanced MRI scanning to clarify the coexistence of meningiomas. Coexisting meningiomas under BPITS are usually small, whereas large intracranial meningiomas can exist in other places independently. The inherent mechanism remains unclear.
Given that the pathogenesis of BPITS and its coexisting meningioma is unknown, the causal relationship Figure 2 . (a)-(e) CT scan shows that the BPITS (long arrow) is stepping on a 'sponge pad' (short arrow) (a). The 'sponge pad' represents the coexisting meningioma (short arrow). Unenhanced MRI scanning shows a rough surface of bony protrusions (long arrow), as well as coexisting meningiomas (short arrow). Meningioma shows slightly lower signal intensity on T1WI (b) and isointense on T2WI (c). Enhanced MRI scanning shows that meningioma presents evident homogeneous enhancement ((d),(e)) and a 'dural tail' sign (curved arrow). CT: computed tomography; BPITS: bony prominence of the inner table of the skull; T1WI: T1-weighted images; T2WI: T2-weighted images; MRI: magnetic resonance imaging. of the two cannot be determined. The incidence of meningioma is considerably higher than that of BPITS; meanwhile, the vast majority of meningiomas exist only independently. As for this coexisting phenomenon, the author accepts the 'BPITS first, then meningioma' hypothesis. If this hypothesis is established, the external inhibitory or stimulating factors can be inferred to result in meningiomas. This coexisting relationship, which occurs in all the women in this paper, particularly older women, makes the author further speculate that these female patients may suffer from chronic renal failure or endocrine problems.
Considering the complexity of the pathological types of meningioma, the pathogenesis has not been fully elucidated. All cases in this study presented similarly characteristic imaging features and were found under BPITS. From a pathological perspective, whether this kind of coexisting meningioma should be attributed to a new unique type needs to be confirmed by further studies. This hypothesis can also provide a theoretical and practical basis for pathogenesis studies in animal meningioma models.
